It I trocli r ctior I A universal property o f cukaryotic cells is their ability to change state when activated o r attacked at the plasma membrane. Events triggered by physical, chemical and biological agents interacting with the plasma membrane include movement, secretion, differentiation, endocytosis, division or death. For such events to occur. intracellular signals, such as Ca?+ or cyclic nucleotides, must be generated and reach a targct where, with sufficient energy phosphate, they cause structural modification and covalent modification of proteins. When the necessary chemisymbiosis between these three factors is satisfied, the cell crosses a threshold and the cellular event occurs [ I , 21. A major problem in elucidating the molecular mechanisms responsible for inducing thresholds in individual cells has been the lack of a method for quantifying and locating protein covalent modifications, such as phosphorylation, in live cells.
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The luciferase from the firefly 1'hotiriir.s pyrulis is a 62 kDa euglobular protein, which catalyses the oxidation o f its luciferin hy oxygen in thc presence of MgATP t o produce light. T h e colour o f the light from beetle luciferin-luciferases can range from green to red 12, 31 and is determined by two major factors: ( u ) the ionization state of the oxyluciferin emitter, the dianion producing grccn-yellow and the monoanion producing red light and ( h ) the environment surrounding the oxyluciferin at the luciferase active centre.
T h e aim o f the work reported here was t o covalently link the heptapeptidc known a s kemptide 15 I. Leu-Arg-Arg-AlaSer-Leu-Gly, t o firefly luciferasc such that phosphorylation of the Scr induced by cyclic AMP-dependent protein kinase altcrcd the colour o f the luciferin-luciferase light emission. Thcse colour-modified bioluminescent proteins arc known iis 'rainbow proteins' 14).
Mclhocls
Luciferasc was extracted from dried firefly tails in 0. I Msodium phosphate. I mM-EDTA, pH 7.8, and purified by centrifugation at 1 0 ' g, ammonium sulphate precipitation (30'%,-65'%, saturated) and crystallized in low salt ( 2 mMsodium phosphate, 10 mM-NaCI, 1 mM-EDTA. pH 7.3).
Kemptidc ( I 50 nmol) was incubated with I .5 pmol o f disuccinyl subcrate (DSS) (originally dissolved in dimethylsulphoxide) for I h at room temperature. T h e excess D S S was removed by gel filtration on G-25 Scphadex and 0.9 mg ( 15 nmol) o f luciferase was then added and the mixture incubated for I h at room tcmperaturc. Excess kemptide was removed by gel filtration on G-25 Sephadex.
C'hamcterizatiori of the 'ruirihow proleiti'
T h e chimaeric firefly luciferase-kemptide, the 'rainbow protein', was characterized initially by four criteria: ( L I ) photon emission/mg of protein relative t o the original luciferase, in the presence of saturating lucifcrin (200 p~) and ATP ( 1 mM); ( b ) isoelectric focusing; ( c ) incorporation of ':P from [ y-'?P]ATP catalysed by cyclic AMP-dependent protein kinase and ( d ) a shift in the colour of the light emission judged by ratio at 603 (red)/545 (green) nm measured using a specially constructed dual-wavelength chemiluminometcr.
T h e photon emission of the lucifcrase-kemptide was 90% of native luciferasc. T h e luciferasc band at pl 6.8 dis- Firefly luciferase and luciferase-kemptide were incubated in 400 pl ahquots containing 2 0 mM-MES, 10 mM-acetate. 1 mM-EDTA. 0.1% (w/v) bovine serum albumin. 0.1 25 mM-ATP ( + 4 pCi of ~Y -~~P I A T P for labelling), I 5 0 ,UMkemptide, 6.25 pM-cyclic A M P and 0.1 p g cyclic AMP-dependent protein kinase/ml for 1 h at room tempernture. A 10 pI aliquot was removed. filtered on P 8 1 Whatman ion-exchange paper and counted for ':P using Cherenkov radiation. T h e remainder was desalted on a G-25 Scphadex column into 0.5 M-Tris/acetate, pH 7.7. To assay hcifcrasc and its colour of emission, 5-10 pl o f a 1 : I000 dilution o f luciferase alone ( H), luciferasc-kemptidc (On) were added t o 30 p1 of 2 0 mM-Tris, 0 . 1 % (w/v) bovine serum albumin, 0.2 mM-EDTA, 0.5 mM-dithiothreitol, I0 mM-magnesium acetate, 200 pwlucifcrin. pH 7.75. T h e tube was placed into a dual-wavelength chemiluminometer 121 and 10 pI o f I mM-ATP was added. Light emission was recorded simultnneously at 545 and 603 nm for 10 s over the first 30 s. Results reprcsent the mean ~s . E . M . of three observations. T h e ratio at 603/545 nm was correctcd for efficiency of transmission o f the interference filters.
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BIOCHEMICAL SOCIETY TRANSACTIONS appeared on isoelectric focusing. Cyclic AMP-dependent protein kinase caused a phosphorylation of approx. 0.83 mol of phosphate/mol of luciferase. The ratio of light emission at 6031545 nm was increased 55% in luciferase-kemptide and by 109% in luciferase-kemptide phosphate (Fig. 1) . This chimaeric protein thus can be considered as a 'rainbow protein' as covalent modification changes the colour of light emission.
These results provide a new strategy, using chemically or genetically engineered bioluminescent proteins, to measure for the first time protein phosphorylation, and other covalent modifications, in living cells.
We thank the Medical and Agriculture and Food Research Councils for financial support. The rise in the concentration of intracellular Ca?+ in the glucose-stimulated pancreatic b-cell is thought to lead to the change in the activity of a number of specific Ca"-binding proteins. One such Ca? +-binding protein is calmodulin. Studies into the importance of calmodulin in the secretory mechanism have in the main relied on investigating the effects of calmodulin antagonists on insulin secretion from intact islets stimulated by nutrient and non-nutrient secretagogues [ 1, 21. However, the specificity of the drugs used in these studies remains to be questioned since in the intact islet they may affect other cellular targets imporant to the secretory mechanism.
In the following study we have investigated the effect of the specific calmodulin antagonist N-(8-aminohexy1)-5-iodonaphthalene-1 -sulphonamide (lodo-8) [3] on glucosestimulated insulin release from isolated rat islets. Furthermore, we have used rat islets permeabilized with high voltage to investigate the effect of two established calmodulin antagonists W7 and trifluoperazine on Ca' +-induced insulin release.
Rat islets were isolated by collagenase digestion. Glucosestimulated insulin release was carried out on batches of three to five islets as previously described 141. lodo-8 was preincubated with islets for 45 min before stimulation with 16.8 mMglucose after which incubations were undertaken for 60 min.
Islets were permeabilized using previously published methods [S] . Ca? +-induced insulin secretion was carried out on batches of three t o five permeabilized islets preincubated with or without test compound for 15 min at 4°C. Islets were stimulated by raising the Ca? + concentration of the medium from 1 0 nM to 1 0 P M and then incubating for 30 min at 37°C.
lodo-8 when tested at 7.5 ,UM led to 7 0 f 7 % ( r i = 7 , I>< 0.05) inhibition of glucose-stimulated insulin release. Since this drug has no significant effects on either protein kinase C, transglutaminase [3] or on glucose-stimulated glucose oxidation [6] at this concentration, this confirms that calmodulin may play a pivotal role in the mechanism of glucose-stimulated insulin release. To confirm the link between calmodulin and the Ca?+ message, studies were undertaken on permeabilized islets, where insulin secretion can be induced by Ca" alone.
At the concentration of 50 p~, W7, which has an IC,,, (concentration required to inhibit by 50'2/0) for inhibition of calmodulin-dependent phosphodiesterase of 25 p~ [ 3 1, led to 48 k 8% (rz = 7, P < 0.05) inhibition of Ca? +-induced insulin secretion; however, when used at higher concentrations ( 7 5 and 100 p~) , no significant inhibition occurred. Similarly, 10 ,m-trifluoperazine, which has an IC5,, for inhibition of calmodulin dependent phosphodiesterase of 4 p~ [3], gave 41 f 7% (ti = 7, I'< 0.05) inhibition of Ca? +-induced insulin secretion, but failed to give significant inhibition when concentrations of the drug were raised to IS and 2 0 p~.
Published data now suggest that calmodulin may play a regulatory role in inositol metabolism [7] , Ca'+ uptake 181 and protein phosphorylation by calmodulin-dependent kinases [9] during stimulus-secretion coupling.
The first two of these processes are unlikely to be required in the Ca'+-induced permeabilized islet since Ca? + has free access to the cytoplasm. Our data therefore suggest that inhibition of Ca'+-induced insulin secretion by both trifluoperazine and W7, when used at their lower concentrations, is likely to be through the inhibition of calmodulindependent protein kinases.
It is, however, difficult at this stage t o offer any reasonable explanation as to why these drugs show n o significant inhibition of Ca'+-induced insulin secretion when used at their higher concentrations.
